Better information on the comparative toxicity of airborne emissions from different types of engines is needed to guide the development of heavy vehicle engine, fuel, lubricant, and exhaust after-treatment technologies, and to place the health hazards of current heavy vehicle emissions in their proper perspective. To help fill this information gap, samples of vehicle exhaust particles and semi-volatile organic compounds (SVOC) were collected and analyzed. The biological activity of the combined particle-SVOC samples is being tested using standardized toxicity assays. This report provides an update on the design of experiments to test the relative toxicity of engine emissions from various sources.
BACKGROUND AND RATIONALE
There is considerable evidence linking increased levels of air pollution to adverse effects on human health (Thurston, 1996; Goldsmith and Kobzik, 1999; Committee of the Environmental and Occupational Health Assembly of the American Thoracic Society, 1996). Emissions from vehicle engines contribute to air pollution, and the potential health risks from diesel emissions have especially been debated in view of the current concern for fine particles. Most of the past laboratory and epidemiological studies of diesel emissions have focused on lung cancer risk rather than the acute and chronic cardiorespiratory effects attributed to ambient particulate matter (Mauderly, 1999 Cadle et al., 1999) . Gasoline engine emissions also contribute to air pollution, including particles, but there has been little research on their potential health effects. Moreover, the existing laboratory information on the health effects of both diesel and gasoline engine emissions is derived from well-functioning engines, although poorly-functioning engines contribute disproportionately to total on-road vehicle emissions.
The research described in this paper is aimed at developing a better understanding of the relative pulmonary toxicity of particles and semivolatile organic compounds (SVOCs) from relatively low-and high-emitting diesel and gasoline engines. The approach we are taking is to use short-term cell culture (in vitro) and animal (in vivo) assays to compare the toxicities of a matrix of particle and SVOC samples from diesel and gasoline engines, and samples from the heavy-duty and light-duty bores of a traffic tunnel (Ft. McHenry tunnel, Baltimore). The biological assays were selected and standardized in the early stages of the project, based on their ability to rank differences in the toxicity of a range of particles, including diesel soot from two sources, ambient particulate matter, carbon black, silica, oil fly ash, and nickel subsulfide (Nikula et al, 1999, Seagrave and Nikula, 2000) . This comparative toxicity screening will provide insights into the relative contributions of different engine technologies, low-vs. high-emitting vehicles, and particle vs. SVOC fractions to the health effects of engine emissions. The health risks from human inhalation exposures cannot be directly predicted from these results; however, comparisons between the results obtained from these types of assays (Nikula et al., 1995; Seagrave and Nikula, 2000 , and unpublished data) and from inhalation exposures of animals (Nikula et al., 1995) suggest that the relative ranking of the pulmonary toxicities of the samples should predict their relative toxicities by inhalation. The study will provide direct comparisons that do not currently exist, and will help determine if more complex and expensive inhalation studies are warranted.
This research is being conducted for the Office of Heavy Vehicle Technologies, U.S. Department of Energy, and is a collaborative effort among the Lovelace Respiratory Research Institute (health assays), the National Renewable Energy Laboratory (project management), Desert Research Institute (sample collection, preparation, and analysis), and Southwest Research Institute (sample collection). In addition, genotoxicity measurements on selected exhaust samples are being performed at NIOSH, particle morphology is being characterized at Oak Ridge National Laboratory, and comprehensive chemical analysis of the exhaust particulate matter is being conducted at University of Dayton Research Institute.
EXPERIMENTAL DESIGN AND METHODS
TEST MATERIALS -The materials to be tested include SVOC's and particulate matter from several sources. Airborne material was collected from the Ft. McHenry tunnels (bore 3, 0.4% heavy diesel vehicles and bore 4, 34.5% heavy diesel vehicles) and from the intake of ambient air for tunnel ventilation. These samples were size-selected with a 50% cut-off of 2.5 µm mean aerodynamic diameter. Chassis dynamometer-generated total particulate and SVOC exhaust samples were collected at 72°F nominal from average gasoline vehicles, a "black smoker" gasoline vehicle, a "white smoker" gasoline vehicle, current technology diesel vehicles, and a high-emitter diesel vehicle. Samples from the average gasoline and current technology diesel vehicles were also collected at 30°F. Separate SVOC samples will also be tested from the average gasoline and current technology diesel vehicles run at 72°F. Dynamometer samples of exhaust particulate matter and SVOCs from advanced technology gasoline and diesel vehicles have also been collected as part of the overall study, but their mass emission rates are so low that it was not practical to perform the toxicity tests outlined in this report.
To provide an internal control for each set of samples tested, a standard diesel soot (National Institute of Standards Diesel Particulate Standard 2975 (Hughes et al., 1997 ) is included in each experiment. This sample is prepared and stored as a suspension in acetone to parallel the physical characteristics of the test samples. Test particulate materials are collected on filters and extracted by sonication in acetone. SVOC's are collected onto polyurethane foam/polystyrene/divinylbenzene polymer (PUF/XAD) from material passing through the filters. The SVOC's are also extracted into acetone. Both fractions are stored in the dark at -20°C. Extraction controls consisting of filter and PUF/XAD matrix extracted into acetone without exposure to exhaust materials are included in each experiment as negative controls. The particulate fraction and SVOC's for each test material are re-combined in the relative concentrations present in the original volume of filtered air. The combined sample is then suspended in tissue culture medium (for in vitro exposures) or physiological saline (for intratracheal instillation) with 0.01% Tween-80, a nonionic surfactant to aid in the dispersion of the particles and organics. The final concentration of acetone does not exceed 1.5%, and neither the Tween-80 nor acetone at these concentrations causes effects themselves or affects responses to a positive control particle, silica. The samples are sonicated to disperse the particles and form an emulsion of the SVOC's. After overnight incubation with the test materials, the tissue culture medium is analyzed for release of lactate dehydrogenase (LDH, a cytoplasmic enzyme whose release indicates damage to the cell membrane and loss of viability), interleukin-8 (IL-8, a cytokine involved in signaling inflammatory responses, particularly recruitment of neutrophils, which is produced and secreted by these epithelial cells in response to injury (Finkelstein, 1990 
ASSAYS -
. These free radicals are important in killing bacteria, but excessive production may be damaging to the surrounding tissues. To measure the macrophage production of these species, the test materials are added to the macrophages. • by the macrophages is measured as described above. In these assays, the macrophages are analyzed under resting conditions (i.e., stimulated only by the in vivo exposure to particles) and during stimulation with opsonized zymosan (a surrogate for bacteria).
The toxicity testing of the first (tunnel) samples was recently begun at the time of this writing; thus few data had been obtained and no conclusions could yet be drawn.
DISCUSSION
The few data obtained at the time of this writing do not allow speculation regarding the final results. However, the initial results suggest that both the particle and SVOC fractions have biological activity, and that comparisons between the two fractions will be of interest, as well as comparisons among engines and emission rates. The laboratory assays described above will yield data on the comparative toxicities of the samples per unit of sample mass. These results will be combined with data describing the sampling conditions to develop estimates of the comparative toxicities of the different emissions per unit of use (e.g., per brake-horsepower/hr, per mile, etc.). These studies will provide a foundation for understanding the relative toxicities of the different types of exhaust materials and will help determine the need for and direction of additional comparisons.
